Objective: To examine the association between head injuries throughout life and the risk for Parkinson disease (PD) in an interview-based case-control study.
Parkinson disease (PD) is a common movement disorder characterized by a progressive loss of dopaminergic neurons in the substantia nigra pars compacta coupled with abnormal aggregates of proteins known as Lewy bodies. 1 Despite intensive research into etiologic factors, little is known about the factors that cause the neurodegeneration. The hypothesis that head injury increases the risk for PD has been examined in numerous studies during past decades [2] [3] [4] [5] [6] [7] [8] [9] [10] ; however, the findings have been highly inconsistent, with reported relative risks ranging from 0.6 to 11.7.
In a previous register-based case-control study, we examined the association between hospital contact for head injuries in middle or late adulthood and a diagnosis of PD. The reported positive association was due almost entirely to injuries that occurred during the months preceding the first hospital contact for PD. 11 Because of the register-based design of the study, detailed diagnostic information was lacking to distinguish PD from other types of parkinsonism. Furthermore, although previous studies have found positive associations between both milder and repeated head injuries and PD, 12,13 these 2 aspects could not be investigated in our large registerbased study. Thus, the aim of the present study was to examine the association between head injuries throughout life and the risk for PD in a large interview-based case-control study among 1,705 patients with PD.
METHODS Patients. In the Danish National Hospital Register, we identified 3,508 patients aged 35 years or over who were registered with a hospital contact for a primary diagnosis of PD (ICD-8 code 342 and ICD-10 code G20) in 1996-2009 at one of 10 major neurologic treatment centers in Denmark (figure). All the patients identified before January 1, 2007, were also included in the large register-based study by Rugbjerg et al. 11 Those patients who were alive and available for contact, spoke Danish and English, and were well enough to participate in an interview between January 2008 and December 2010 were eligible for the study (n 5 2,762). We excluded 179 patients for whom review of their medical record prior to contact did not confirm PD. Of the remaining 2,583 patients we contacted, 2,086 (81%) agreed to be interviewed, and we obtained medical records for 2,066 (99%) of the interviewed patients. The medical records were reviewed rigorously by trained reviewers supervised by a specialist in movement disorders in order to distinguish cases of PD from other forms of parkinsonism that feature the main characteristics of PD. In this review, we applied the standard diagnostic criteria of the UK Brain Bank 14 and the Gelb criteria. 15 In general, we considered that patients had PD if at least 2 of 4 cardinal symptoms (resting tremor, bradykinesia, rigidity, asymmetrical onset) were present; the patient responded to antiparkinsonian medication; the patient had no atypical features (including a diagnosis of dementia before cardinal symptoms, early falls, severe symptomatic dysautonomia, very rapid progression of the disease, sudden onset of symptoms, supranuclear gaze palsy, hallucinations unrelated to medication, freezing phenomena, and Babinski sign); and there was no sign of a differential diagnosis, e.g., cerebrovascular disease. After review of the medical records, 1,828 (89%) of the 2,066 patients interviewed were considered to have PD.
Population controls. For each of the 2,583 patients initially contacted for interview, 5 potential controls matched to cases on sex and year of birth were density sampled from the Danish Central Population Register. All eligible controls had to fulfil the same inclusion criteria as the patients and be without a prior hospital diagnosis of PD at the index date (i.e., the date of diagnosis of their respective case). The controls were contacted in random order until one consented to participate. Of 3,626 eligible controls contacted, 1,909 (53%) consented to participate and completed an interview. Among the interviewed controls, 3 were registered with a first hospital contact for PD in the Hospital Register after they were selected as controls.
Exclusion of patients and controls. We have shown previously that patients with PD start treatment with antiparkinson drugs on average 3 years before their first hospital contact for PD, indicating that the patients have had symptoms of PD before they were in contact with a hospital due to their disease. 11 Thus, in order to further reduce the risk for including patients with PD symptoms due to other neurologic conditions than PD, we excluded 14 interviewed patients and 22 controls who had had a hospital contact for dementia (ICD-8 codes 290.09-290. 19 or 293.09; ICD-10 codes F00-03, F05.1, or G30) or cerebrovascular disease (ICD-8 codes 430-438; ICD-10 codes I60-69, G45, or G46) any time between the start of the Hospital Register in 1977 to 3 years before the index date. We also excluded one case with unknown onset of first symptoms in addition to 108 cases and 102 controls for whom there was no self-reported information on the never/ever question on head injury, resulting in 1,705 cases and 1,785 controls for the analyses.
Standard protocol approvals, registrations, and patient consents. The study protocol was approved by the Danish Data Protection Agency (no. 2011-41-7025) and by the Los Angeles institutional review board for human subjects, University of California. All participants provided written informed consent. Information on head injuries, lifestyle, and sociodemographic factors. We obtained information on head injuries, other medical history, lifestyle factors, and family history of PD in a structured telephone interview. Because of speaking difficulties or generally poor health, 568 study subjects responded to the questionnaire by mail only. All subjects were asked about all types of head injury before their diagnosis of PD, including head injuries that had caused loss of consciousness, subsequent amnesia, or memory problems, and hospitalization for their head injuries. The questionnaire also elicited information on lifetime tobacco use, caffeine intake, and alcohol consumption as well as educational background and family history of PD. A positive family history of PD was defined as having at least one firstdegree relative with PD. We used the participants' home municipality at the date of first hospital contact for PD to assess the degree of urbanization. The date of the first cardinal symptom noted on the medical records was used as the referent date for calculating exposure; controls were assigned the date of their respective case.
Statistical analysis. We calculated odds ratios (ORs) and 95%
confidence intervals (CIs) to estimate an association between head injury and PD by unconditional logistic regression. The exclusion of patients without PD led to an excess number of controls, because most of the patients had their medical record reviewed after the interview. Thus, we chose unconditional regression as our primary model to increase the number of subjects in analyses.
Main analyses were performed for head injury (ever, never), number of head injuries (0, 1, $2), and hospitalization for a head injury (no, yes) before the first cardinal symptom. Separate analyses were also conducted for age at head injury (,13, 13-19, 20-49, $50 years). For patients who reported a head injury, we also analyzed loss of consciousness (never, ever), duration of consciousness (0, #1-5, $5 minutes), and amnesia (no, yes). The multivariate analyses were adjusted for sex, year of birth, age at first cardinal symptom, alcohol use/units per week (continuous), pack-years of smoking (continuous), highest attained education (basic, 7-12 years; vocational, 10-12 years; higher, $13 years), family history of PD (none, suspected, confirmed), and degree of urbanization (capital area, provincial town, rural area, peripheral region). Only those participants with elucidated information on head injuries were included in the analyses.
In secondary analyses, we truncated head injuries 10 years before the first cardinal symptom to ensure that the head injuries had not been caused by latent PD. We also stratified the main and secondary analyses on sex, early (,60 years) vs late ($60 years) onset of PD, family history of PD (no, yes), and type of data collection (questionnaire, telephone interview). Stratified analyses were also performed by number of years between the index date and the date of interview (,5, $5) in order to determine any effect of different survival of patients. All analyses were performed with R statistical software. 16 RESULTS The descriptive characteristics of the 1,705 cases and 1,785 controls are shown in table 1. The reported frequency of at least one head injury before first cardinal symptom was similar for cases (27.3%) and controls (27.4%) (table 2). We did not find an association with PD for patients who reported one head injury or 2 or more head injuries or had ever been hospitalized for a head injury as compared with those who had never experienced a head injury. For 964 patients who reported at least one head injury, we found no association between loss of consciousness, duration of loss of consciousness, or amnesia and the risk for PD. The risk estimates were similar for men and women (data not shown). Exclusion of all head injuries that had occurred 10 years before the first cardinal symptom did not change any of the risk estimates (table 2) . We found no effect of age at head injury on risk for PD, except for adolescents (22 We also stratified the analyses on time between the index date and the date of interview (,5, $5) and found similar risk estimates in both groups (data not shown). Finally, we did not observe any differences in risk estimates between the results from the conditional and unconditional analyses (data not shown).
DISCUSSION
In this large case-control study of 1,705 patients with PD, we found no association between head injuries occurring before the first cardinal symptom and risk for PD. We evaluated the influence of severity and repeated head injuries occurring at all ages on the risk for PD but found no evidence of an association between head injuries and PD, except in adolescence. However, as we found no other increase in risk for PD among those reporting a head injury, there was no dose-response relation, and the results are based on a small number of patients with head injuries (22 cases; 9 controls), this result might represent a spurious finding.
Numerous studies of head injury and PD have been conducted, but the findings have been highly inconsistent. The largest studies were based on data from registries. 8, 11, 17 In a Danish cohort study, severe head injury was not found to be a risk factor for PD, whereas a Danish and a Swedish case-control study reported overall positive associations between a hospital contact for head injury and PD (Rugbjerg et al. 11 : OR 1.5; 95% CI 1.4, 1.7; Fang et al. 17 : OR 1.17; 95% CI 1.04, 1.31). As all 3 studies lacked information on first cardinal symptom, date of first hospital contact for PD was used as the date of diagnosis. This resulted in an average age of patients at their first hospital contact for PD of more than 70 years (Rugbjerg et al.
11
: 73.0 years; Fang et al. 17 : 71.7 years). In our study, the average age of patients with PD at first cardinal symptom was 61.4 years, suggesting that the patients included in the register studies may have had symptoms of PD years before their first hospital contact was registered. A prodromal phase of 20 years has been suggested for PD; therefore, when clinical symptoms lead to a diagnosis of PD, the disease is already neuropathologically severely advanced and possibly irreversible because of the neuronal dysfunction and cell loss. 18, 19 Hence, it is important to exclude exposures shortly before onset of PD when studying etiologic risk factors for PD. This was confirmed by the results from the register-based case-control studies; i.e., when only patients with at least 1 year of lag time between head injury and date of first hospital contact for PD were included, the association weakened, and after 10 years of lagging no overall association was found in either study. 11, 17 The results of these 2 large register-based studies can therefore be explained largely by reverse causality, i.e., hospital contacts for head injuries are a consequence of the movement disorder rather than its cause.
Two recently published meta-analyses of head injury in relation to PD reported a moderate increased risk for PD associated with a history of a head injury that resulted in concussion (pooled OR 1.57; 95% CI 1.35, 1.83) 4 or head injury with or without loss of consciousness (pooled OR 1.58; 95% CI 1.30, 1.91). 7 Most of the studies included in the meta-analyses, however, did not report risk estimates that accounted for a lag time. The largest studies with most influence in these meta-analytical results were the 2 register-based case-control studies, 11, 17 but the authors included only the risk estimates with no or minimal lag time in their analyses. In addition, they did not present analyses where these large studies were excluded, thus it is not possible to evaluate the influence the other studies may have had on the reported pooled risk estimate.
Several biologically plausible mechanisms have been posited by which a head injury could lead to neuronal degeneration. A head injury triggers a physiologic cascade that involves some of the processes implicated in the development of PD, such as neuroinflammation and activation of microglia, 20 accumulation of a-synuclein, 21 disruption of mitochondrial function, and increased free radical production. 22 In our study, however, we do not find any association between head injury and PD.
In a recent study, an association between head injury and PD was only found among carriers of the a-synuclein (SNCA) Rep1 promoter risk allele, 23 which has previously been linked to PD. 24 We currently lack information on this susceptibility gene for PD and thus cannot rule out the possibility that head injury triggers PD in people with an increased genetic susceptibility. We stratified our analysis by family history of PD, but we did not find an increased risk in patients with a positive family history of PD. Furthermore, as we did not examine head injury in combination with another environmental risk factor, such as exposure to pesticides, we cannot exclude the possibility that these combinations increase the risk for PD, as suggested previously. 25 The strengths of the study include its large sample size, the population-based design and a moderate rate for controls (53%), and the extensive information collected on all head injuries, including severity, throughout life. Further, all medical records were rigorously abstracted to include only patients with PD. A re-evaluation of a random sample of 50 medical records of patients initially considered to have PD showed that 48 had PD (96%), indicating limited misclassification of diagnosis. The rigorous review made it possible to only include exposures prior to the first cardinal symptoms rather than using the date of diagnosis stated by the patients or first hospital contact for PD. Case-control studies are prone to recall bias because patients often search for explanations for their disease and are more likely to report exposure. The frequency of head injury in our study was, however, similar in patients and controls; if the results were affected by differential misclassification due to recall bias, the patients would be expected to over-report the number of head injuries. As we found no association between head injury and risk for PD, this seems unlikely. The study population was, however, elderly, and use of self-reported data collected late in life to elicit information on lifetime habits is a limitation of this study. All study participants probably reported some data inaccurately, resulting in some degree of nondifferential misclassification of exposure. The participation rate was high among patients (81%), but moderate among controls (53%). Further examination of all eligible participants showed that twice as many nonparticipants than participants had died as of March 2013 (38% vs 18% patients and 13% vs 6% controls). We cannot rule out if the selection of patients were biased due to a potential association between head injury and, e.g., a more progressive PD. In addition, some of the patients had their first hospital contact for PD back in 1996, thus the study includes both prevalent and incident patients. When we stratified the analyses on time between first cardinal symptom and interview (,5, $5), however, the risk estimates were similar for both groups of patients, indicating no or minor influence of survival bias.
The results of this large study, based on 1,705 patients with a verified diagnosis of PD, do not support the hypothesis that head injury increases the risk for PD. Future studies may want to focus on head injuries in combination with genetics or environmental risk factors when examining the relation between head injury and risk for PD and allow for appropriate lag time to exclude head injuries close to symptom date.
AUTHOR CONTRIBUTIONS
Line Kenborg: contributed to the study design, design of analyses, and interpretation of data and drafted the manuscript. Kathrine Rugbjerg: contributed to the study design, design of analyses, and interpretation of data and revised the manuscript for intellectual content. Pei-Chen Lee: contributed to the study design, design of analyses, and interpretation of data and revised the manuscript for intellectual content. Line Ravnskjaer: contributed to the design of analyses, conducted the statistical analyses, and revised the manuscript for intellectual content. Jane Christensen: contributed to the design of analyses, conducted the statistical analyses, and revised the manuscript for intellectual content. Beate Ritz: contributed to the overall conception and design and developed the protocol, the design of the analyses, and interpretation of data and revised the manuscript for intellectual content. Christina F. Lassen: contributed to the study design, design of analyses, and interpretation of data and revised the manuscript for intellectual content.
